Purpose: The purpose of the present study was to compare prediction of physical activity (PA) by experiential or behavioral processes of change (POCs) or an interaction between both types of processes.
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Thus, it appears important to better understand the psychological mechanisms involved in PA behavior. The PA is a complex behavior to modify 5 and PA interventions would benefit from being theory guided. Recently, a meta-analysis analyzed the efficacy of theory-based interventions promoting PA and showed a significant effect. 6 Subanalyses also highlighted that interventions based on the transtheoretical model (TTM) produced similar effect sizes to interventions guided by other theories. behavior 7 and are categorized as experiential and behavioral processes. Experiential processes involve thoughts, feelings, or perceptions related to the behavior (eg, considering the consequences of not being active and experiencing feelings about this). Examples of behavioral processes (observable, social/ situational strategies) include controlling environmental cues or utilizing social support. 8, 9 The 5 experiential POCs and 5 behavioral POCs are presented in Table 1 together with examples of items used to measure each process. [7] [8] [9] In order to promote forward transitions through the stages and attain sustained improvements in PA, the TTM proposes that public health interventions need to be tailored to those change processes (or strategies) that induce movement through the stages.
At the core of the TTM is the relationship between SOCs and POCs. Most published studies of this relationship deal with smoking cessation and consistently show that use of experiential processes in the early SOC (precontemplation, contemplation, and preparation) and behavioral processes in the later SOC (action, maintenance) leads to successful smoking cessation. 10 Although it is often assumed that the same stage-process relationships can be generalized to other health behaviors, a meta-analysis of research shows that this is not the case. 11 The TTM theoreticians have stated that the conceptualization of relationships between POCs and SOCs may differ according to the target behavior. 7, 12 This may reflect differences between ceasing an addictive behavior (smoking) and adopting a health-enhancing behavior (PA). 5, 11 Several cross-sectional, observational, and interventional investigations have underlined the importance of POC to predict PA behavior. [13] [14] [15] In contrast to the stage-process relationships observed for smoking cessation, 10 research has highlighted that individuals use both experiential and behavioral POCs when they attempt to initiate, increase, or maintain PA. [16] [17] [18] [19] In fact, in the general population, behavioral processes were found to predict the transition out of precontemplation while experiential processes were not. 20 Furthermore, retention in action and maintenance stages was predicted by both experiential and behavioral POCs. 20 This stage-process relationship pattern, specific to PA, was described in one of the first tests of the POC with PA 21 and has been confirmed by several other studies with varying designs and study populations. 15, 16, 18, 19, 22, 23 Furthermore, 2 meta-analyses have highlighted that the POC by SOC sequence in PA is different from that for smoking cessation, with experiential and behavioral POCs for PA used in tandem rather than sequentially. 11, 24 A recent meta-analysis has also shown that the SOC construct is not a moderator of TTM interventions. 25 Despite evidence for a different pattern of process use for the adoption of PA from that reported for smoking cessation, to our knowledge, it has not been determined to what extent an interaction between experiential and behavioral processes may be associated with PA. The possibility of an interaction is raised because both cross-sectional studies and interventions have reported a conjoint use of both processes in most cases. 18, 19, 22 This conjoint use may suggest an interplay between the 2 types of processes in the context of adopting PA. This interplay could also explain why in some studies, POCs act as a mediator of exercise participation or have a suppressor effect (being defined as variable increasing the predictive validity of a set of variables by its inclusion in a regression, with predictive validity being considered as the magnitude of a regression coefficient). 26, 27 In light of these findings, the present study aimed to determine to what extent experiential processes, behavioral processes, and the experiential Â behavioral interaction term predicted self-reported PA in a sample of adults. It was hypothesized that behavioral processes and the interaction between the POC would predict PA.
Methods

Design
Cross-sectional study realized among adults' participants.
Sample
This study was carried out using an online questionnaire. The study was advertised through the mailing list of the administrative staff of the University of Montpellier and on free access online forums related to PA practice or medicine. Moderators of these forums were contacted before the link toward the study was provided to obtain their approval. To be included, participants had to be French-speaking adults older than 18 years and had to provide a valid birthdate to start the study.
The objective of the study was described as an exploration of PA habits. Participants were asked to give their electronic consent before starting the study and were informed about the confidentiality of their responses. The study was performed according to the principles of the Declaration of Helsinki and was approved by the laboratory ethics committee (equivalent to institutional review board approval).
Measures
Sociodemographic information. Participants were asked to selfreport their age, height, and weight. Body mass index (BMI) was calculated using height and weight (kg/m 2 ). Tobacco consumption was assessed using a dichotomous response choice. Their professional status was also asked and classified according to the categories defined by the National Institute of Statistics and Economic Studies (1: manual worker; 2: executives; 3: employees; 4: unemployed). To this classification, we also added students and others (eg, retirees).
International Physical Activity Questionnaire. The International Physical Activity Questionnaire (IPAQ) is a self-reported questionnaire to assess PA 28 over the last 7 days. In the present study, we used the 7-item short-form version. 28 This questionnaire evaluates vigorous PA, moderate PA, walking, and the time spent sitting. The PA was assessed with the metabolic equivalent (MET). Using the official IPAQ scoring protocol, total PA was estimated by summing the product of reported time by a PA category with its corresponding MET value. Having a low level of PA was considered as being below 600 MET-min/wk, moderate PA is considered as being between 600 and 3000 MET-min/wk and vigorous level of PA is being above 3000 MET-min/wk.
Stages of change. The staging algorithm used has been reported elsewhere. 29 It classifies people according to their current PA behavior and intentions for the future. It is composed of a description of regular PA followed by 4 questions. Regular PA was defined as exercising at least 30 min/session on at least 4 d/wk. The 4 questions, each with ''yes'' or ''no'' responses, were:
(a) Do you currently engage in regular PA? (b) Do you intend to engage in regular PA within the next 6 months? (c) Do you intend to engage in regular PA in the next 30 days? (d) Have you been regularly physically active for the past 6 months?
In the present study, SOC were essentially used for descriptive purposes. Participants in precontemplation (not intending to change), contemplation (intending to change within the next 6 months), and preparation (intending to change within the next 30 days) were considered as being in preaction stages (stages where the behavior is not present). Action (engaged in the behavior for less than 6 months) and maintenance (sustained regular exercise or PA for 6 months or more) were considered the postaction stages (stages where the behavior is present).
Processes of change. The French POC scale is a self-report measure evaluating different strategies used to modify PA behavior. This scale is a translation from the POC scale of Marcus et al. 21 This scale is validated in the general population and has been showed to be invariant according to gender, socioeconomic status, and BMI. 23, 30 Participants were asked to rate on a 5-point Likert-type scale (1 ¼ never; 5 ¼ repeatedly), the frequency with which they used the 10 different processes. For this study, we used the mean of the 5 experiential processes and the mean of the 5 behavioral processes, a standard procedure in the analysis of POC. 15, 20 A description of the 10 POCs, and examples of items from the French POC scale are provided in Table 1 .
Analyses
Regarding the sample size, considering that between 300 and 400 participants were required for regression analyses, 31 then assuming a minimum of 40 participants per 1 independent variable 32,33 and given we had 6 independent variables, it was estimated that the sample size should be at least 240 participants.
Descriptive statistics and intercorrelations between the variables of interest were determined. To determine whether our data set is consistent with previous research applying the TTM to PA (eg, with individuals in postaction stages having higher use of both experiential and behavioral POCs and a higher level of PA than participants in preaction stages), we first undertook a multivariate analysis of covariance (MANCOVA) with mean experiential and mean behavioral processes as dependent variables and the 3 categories of total PA as the independent variable. In the case of significant findings, subsequent analysis of covariance (ANCOVA) was conducted. The post hoc test used to locate the differences was the least significant difference (LSD). The covariates were age, BMI, and smoking.
The purpose of the study was to test the interaction effect on the prediction of PA. To test this hypothesis, we undertook a 3-step hierarchical multiple regression. Prior to this test, mean experiential and behavioral processes were centered. This procedure consists in transforming the variable to have a mean of 0 and a standard deviation of 1. The aim was to decrease the possibility of multicollinearity in the regression model containing the interaction term. In our case, this standardization was important because the literature shows that experiential and behavioral processes can be moderately to highly correlated (range, r: 0.83-0.92). 21, 34, 35 In fact, the high levels of multicollinearity can lead to difficulties in the realization and interpretation of the results. Then, after this standardization, we created the interaction term by realizing a product between the means centered of experiential and behavioral processes.
To detect outliers, we used standardized residuals values of total PA. As our sample size contained more than 80 participants, individuals having standardized residuals values below À3 and above þ3 were deleted. 33 Regarding the hierarchical multiple regression, the 3 steps were as follows. The first bloc was composed of age, BMI, and smoking to control for their effects. The second bloc included experiential and behavioral POCs and the third bloc contained the interaction term (experiential Â behavioral). This analysis was undertaken with total PA, with energy expenditure from vigorous PA, moderate PA, and from walking. The analyses were run once for each type of PA.
To calculate the effect size, we used the f 2 . By convention, values of 0.02, 0.15, and 0.35 are considered as small, medium, and large effect size, respectively. 36 Statistical analyses were conducted using SPSS version 18.
Results
Sample
A total of 404 individuals were included in the present crosssectional study. After exclusion of the outliers, a total of 394 adult participants (244 women and 150 men) were considered for further analyses. These participants had a mean age of 35 ). In this study, 20.1% (n ¼ 79) of the participants were overweight or obese (BMI >25 kg/m 2 ). A majority of participants were executives (n ¼ 145; 36.8%) or employees (n ¼ 116; 29.4%), and 79.2% (n ¼ 312) were nonsmokers. Twenty-four percent (n ¼ 95) were in preaction stages for PA and exercise. The description of the sample is provided in Table 2 .
Self-reported PA levels. Regarding categorization of PA, 32 individuals were considered as having a low PA (M ¼ 321.14 + 179.08 MET-min/wk), 193 as having a moderate PA (M ¼ 1690.84 + 663.07 MET-min/wk), and 169 as having high level of PA (M ¼ 5750.82 + 2548.61 MET-min/wk). The total level of PA was correlated with both experiential (r ¼ 0.18; P < .001) and behavioral (r ¼ 0.26; P < .001) POCs (Table 3) .
Relationships between POCs and PA. We examined whether our data were consistent with other research applying the TTM in the context of PA, which has shown that people having highest levels of PA also had higher scores on both experiential and behavioral POCs. 19, 21 The dependent variables were mean experiential POCs (Cronbach's a ¼ .82) and mean behavioral POCs (Cronbach's a ¼ .86), and the independent variables were the 3 categories of PA previously defined ( Table 3) . The MANCOVA showed a significant effect (Wilks l ¼ .92, df ¼ 774, P < .0001).
Regarding the analyses of POC, significant effects were detected by the ANCOVA for experiential POC, F(2, 393) ¼ 8.13, P < .0001; partial Z 2 ¼ .040, as for behavioral POC, F(2, 393) ¼ 15.89, P < .0001; partial Z 2 ¼ .076. In the 2 cases, the LSD detected a significant difference between the 3 groups with individuals having the highest levels of PA also having the highest levels on experiential and behavioral processes.
The interaction hypothesis. As described previously, hierarchical regressions were computed. Regarding total PA, at step 1, the model of regression was not significant, F(3, 390) ¼ 0.426, P ¼ .73, but became significant at step 2, F(5, 388) ¼ 6.046, P < .0001, with only behavioral processes significantly associated with total PA. After introduction of the experiential Â behavioral interaction term, at step 3, the model of regression remained significant, R 2 adj ¼ 0.06; F(6, 387) ¼ 5.211, P < .0001, but the interaction was not (P ¼ .31).
At step 3, the effect size was considered as small to medium (f 2 ¼ 0.077) and we did not detect multicollinearity between the variables (the lowest tolerance: 0.51, the highest variance inflation factor [VIF]: 1.94). All regression coefficients, with their P value as the change statistics are provided in Table 4 . Regarding the amount of vigorous PA, at step 1, the model of regression was not significant, F(3, 390) < 1, P ¼ .99, but became significant at step 2, F(5, 388) ¼ 9.487, P < .0001, with only behavioral processes that were significant. At step 3, the model remained significant, F(6, 387) ¼ 7.89, P < .0001, with an R 2 adj of 0.11 but without significance of the interaction term (P ¼ .88).
The final effect size was medium (f 2 ¼ 0.12) and no collinearity was detected between the variables (lowest tolerance: 0.51; highest VIF: 1.94). All regression coefficients, with their P value as the change statistics, are provided in Table 5 .
Concerning the amount of moderate PA, at step 1, the model was not significant, F(3, 390) ¼ 1.32, P ¼ .27, as for step 2, F(5, 388) ¼ 1.23, P ¼ .29, and was borderline significant at step 3, F(6, 387) ¼ 2.003, P ¼ .064, with the interaction term being significant (P ¼ .017), with an R 2 adj of 0.015 and a small effect size (f 2 ¼ 0.02). Furthermore, no collinearity was detected at any step (lowest tolerance: 0.51; highest VIF: 1.94). All regression coefficients, with their P value as the change statistics, are provided in Table 6 .
Regarding the amount of PA from walking, the model was not significant at any step: step 1, F(3, 390) < 1, P ¼ .53; step 2, F(5, 388) < 1, P ¼ .76; and step 3, F(5, 387) < 1, P ¼ .83.
Discussion
The objective of the present study was to determine to what extent an interaction between experiential and behavioral POCs may be associated with self-reported PA in an adult population. It was hypothesized that behavioral processes and the interaction term would be associated with self-reported PA (total, vigorous, moderate walking).
Our results are consistent with other research applying the TTM to PA, with those individuals in postaction stages being more likely to use both experiential and behavioral POCs. 15, 19, 37 Indeed, individuals having the highest levels of total PA also had higher scores for both experiential and behavioral POCs. This result could be explained by the fact that higher levels of PA are more demanding in terms of time management, resources, and organization and therefore require more POCs to manage the behavior.
An examination of the effect size also confirmed previous research 18, 19, 22, 38 which had led to the interaction hypothesis. Although our results were significant for both processes, the magnitude of the effect sizes was different. The effect size for experiential processes was small to medium, while that for behavioral processes can be considered as medium to large. This result is consistent with previous findings highlighting that behavioral processes appear to be more strongly related to PA than are experiential processes. 23, [38] [39] [40] Regarding the interaction between the processes, this question was important for several reasons. An interaction could mean an additive effect or a suppressor effect. 26, 27 The suppressor effect has previously been reported in 2 studies. 41, 42 Even though some of these effects were the result of methodological considerations, this question deserves attention due to potential implications for PA programs applying POC. In the present study, and as hypothesized, it appeared that behavioral POCs were most strongly associated with PA. This result is consistent with previous reports of the effect size. 23, 38, 40 When considering the interaction between experiential and behavioral POCs, it was associated only with moderate PA and with a small effect size. This result remains interesting because moderate PA is recommended in the general population as for individuals with chronic illness. 2 It is possible that both experiential and behavioral processes are needed to specifically increase moderate PA. It could be speculated that participants need experiential POC to understand the role that PA can have in their daily life but also need behavioral POC to understand how to implement PA in their daily life. This idea was recently supported by studies showing that both types of POCs are involved in progression from preaction stages to postaction stages. 13, 15, 22 Walking was not significantly predicted by POC. This result is not surprising and can be explained by several ways. First of all, participants may have had difficulties evaluating their walking behavior and including this in an estimate of their PA. Walking is also a different type of behavior to other forms of PA because it can be used for displacement and does not necessitate to be structured. It is plausible that individuals do not use POC to walk. Other mechanisms that are not part of the sociocognitive approach such as habits, automatisms, or implicit processes may be involved. [43] [44] [45] The present study did not answer all the questions related to the interaction hypothesis. We have only considered the aggregated experiential and behavioral POCs, and it is possible that the optimal interaction effect is located at the level of individual POC. Nonetheless, at present, we do not have enough knowledge to predict which individual experiential and which behavioral processes are likely to lead to an optimal effect for PA. A first step could be to analyze each experiential process with the aggregated behavioral POC because their utility has already been underlined.
Several study limitations need to be highlighted. First of all, regarding the evaluation of PA, we used a self-report questionnaire and cannot ignore the possibility of overestimation of PA since this phenomenon has already been described. 46 A second limitation is the fact that this study was undertaken in a general adult population, and we cannot directly apply these results to individuals with chronic diseases. A further limitation is the cross-sectional design of our study which means that causal relationships between POC and PA cannot be determined.
Conclusion
Our findings confirm that behavioral processes are most important in predicting PA behavior. The interaction between experiential and behavioral POCs was the only element predicting moderate PA level. Experiential processes were not associated with PA level. In light of these findings, the interaction hypothesis cannot be discarded and is worth testing in different settings. Future studies should replicate this study with an objective measure of PA and a larger sample and determine which individual behavioral processes should be prioritized. 
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Individuals in action and maintenance SOC for PA have been found to be more likely to use both experiential and behavioral POCs.
What does this article add?
Behavioral POCs are more strongly related to PA level than are experiential POCs. However, for moderate PA, experiential and behavioral POCs interact reciprocally to modulate the PA level.
What are the implications for health promotion practice or research?
Using both experiential and behavioral, POCs may be particularly beneficial for increasing levels of moderate PA.
